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A B S T R A C T
In the Zenica–Doboj Canton, 1106 hepatitis A
virus (HAV) infections were reported during 2000
(an incidence rate of 252 ⁄ 100 000 population),
with 996 (90.1%) cases occurring in nine commu-
nity-wide outbreaks. Analysis of water supplies
showed that 398 (19.1%) samples contained
coliforms, including 202 (50.8%) that were con-
taminated with thermotolerant Escherichia coli.
Sewage sanitation systems were absent or sub-
standard in 53 910 (81.8%) rural households. The
group most affected during outbreaks comprised
children aged 7–14 years (incidence rate of
598 ⁄ 100 000). The development of health promo-
tion and prevention initiatives in schools, com-
bined with rigorous hygiene measures, will be
necessary to achieve control of the spread of HAV.
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Hepatitis A virus (HAV) is a major public health
problem, especially in regions with poor sanita-
tion and water quality [1,2]. Cyclic epidemics are
becoming less apparent in the developed world,
and endemicity is gradually being overcome in
developing countries, where most residents are
exposed during childhood [2]. With improving
conditions, countries enter a transition phase
during which the virus is still prevalent in the
population, but improvements in hygiene delay
the average age of infection [3]. In Bosnia and
Herzegovina, there are no data regarding the
relationship between water quality, sanitation
level and the incidence of HAV infection.
HAV infection is a notifiable disease in Bosnia
and Herzegovina. Surveillance is primarily the
responsibility of municipal epidemiology depart-
ments, which receive daily mandatory morbidity
reports and notification records of patients with
HAV infection. Cases are reported to the Cantonal
Public Health Institutions, which in turn provide
summary reports to the Federal Public Health
Institution. For each notified case of HAV infec-
tion, epidemiologists conduct environmental
investigations (e.g., bacteriological water quality,
adequacy of sewage disposal, etc.) and interview
household members, and other individuals who
may have been exposed, with the aid of a
standard questionnaire. The present study re-
viewed the epidemiological records of all notified
cases and outbreaks of HAV infection in the
Zenica–Doboj Canton, Bosnia and Herzegovina,
during 2000. In total, 1106 cases of HAV infection
were reported during 2000 (an incidence rate of
252 ⁄ 100 000 population), with 996 (90.1%) cases
occurring as part of nine community-wide out-
breaks (Table 1). All patients were hospitalised.
The continuous surveillance of sewage disposal
and the possibility of well water contamination
(e.g., geological factors, location of neighbouring
wells) are the responsibility of the Environmental
Health Department in the Cantonal Public Health
Institute Zenica. Sewage sanitation systems were
designated as standard (centralised treatment and
disposal), substandard (cesspool, septic tank) or
absent (pouring into or near a stream ⁄ river). The
Zenica–Doboj Canton has 6484 public water
sources, supplying 438 877 inhabitants with
drinking water, with 2.5% of the population
using springs, 46.1% using wells, and 51.4%
using municipal water supplies. In total, 2080
water samples (100 mL) were analysed during
2000 for total and faecal coliforms by filtration
through 0.45-lM cellulose nitrate membrane fil-
ters (Sartorius, Goettingen, Germany), placed on
Endo agar plates (Oxoid, Basingstoke, UK), and
incubated at either 37C or 42C for 48 h. The
quality of the water sample was considered to
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be acceptable if thermotolerant Escherichia coli was
not isolated and the total coliform number was 0,
£ 10 or £ 100 in chlorinated water, wells and
springs, respectively. In total, 398 (19.1%) water
samples contained an unacceptable level of coli-
forms, of which 202 (50.8%) were contaminated
with thermotolerant E. coli (Table 1). Zenica–
Doboj Canton has 65 905 rural households, of
which 53 910 (81.8%) had an absent or substan-
dard sewage system (Table 1). However, there
was no statistically significant correlation
between HAV infections and the water quality
or sanitation level (Pearson correlation coeffi-
cients of 0.053 and 0.017, respectively).
Inadequate sewage disposal, substandard or
absent sanitation, poor personal hygiene and a
crowded community were documented in all nine
outbreaks of HAV infection. In two of the nine
outbreaks, water from wells was strongly impli-
cated as the cause of the outbreak, because of the
presence of these environmental factors, coupled
with unacceptable counts of coliforms and ther-
motolerant E. coli in the water, and the fact that
school children who used suspected wells near
the schools were most affected. Among children
aged 7–14 years, the incidence rate of HAV
infection was 598 ⁄ 100 000. In the seven other
outbreaks, it seemed likely that person-to-person
contact accounted for HAV spread.
The overall incidence rate of HAV infections in
the Zenica–Doboj Canton during 2000 was
252 ⁄ 100 000 population, compared to 56.4 ⁄
100 000 for the entire Republic ⁄ Federation of
Bosnia and Herzegovina during 2000. In compar-
ison, the incidence of HAV infection in the USA
during 1977 was 11.1 ⁄ 100 000 population [1].
During the years 1997, 1998 and 1999, 25.6%,
37.4% and 30.0%, respectively, of water samples
from the Zenica–Doboj Canton had bacteriologi-
cal indicators of faecal contamination, but the
incidence of HAV infection was only 4.8, 3.0 and
21.0 ⁄ 100 000 population, respectively (S. Durmis-
evic, unpublished data). However, the actual
number of cases of HAV infection was almost
certainly much higher, because of significant
under-reporting [4,5].
The present study showed that the high inci-
dence of HAV infection did not correlate with the
quality of drinking water in the region, although
the results of environmental and epidemiological
investigations suggested that well water was the
source of infection in two outbreaks. However,
municipal water supplies were limited and avail-
able only intermittently during the hot months of
the year. HAV survives longer than faecal coli-
forms in water, so an association between water
quality and HAV infection can go undetected [6].
It is therefore important for water sources to be
monitored for virus contamination (a capability
that is unavailable in this region), as this is a
known environmental factor that impacts on
HAV infection in some countries [7,8]. The fact
that outbreaks occurred mostly in children sug-
gested that many children were still susceptible to
infection, perhaps in association with poor
hygiene and crowded living conditions [2,3,8].
Interestingly, several countries have reported
increased numbers of outbreaks with HAV as the
Table 1. Bacteriological quality of drinking water, quality of sewage sanitation systems and incidence of hepatitis A virus
infections in the Zenica–Doboj Canton during 2000
Zenica-Doboj Canton
municipalities
(population)
Bacteriological analysis of water Sewage sanitation system Hepatitis A virus infections
No. of
samples
examined
No. of
unsatisfactory
samples (%)
No. of
rural
regions
No. of regions with
absent or sub-
standard systems
No. of cases
(incidence/100 000)
No. of
epidemics
Breza (15 516) 60 6 (10) 27 27 (100) 5 (32)
Dobojjug (5534) ND ND 4 4 (100) 13 (235)
Kaknj (45 764) 83 49 (59) 116 71 (61.2) 31 (68)
Maglaj (26 804) 124 11 (8.9) 23 20 (87) 35 (134)
Olovo (13 581) 8 4 (50) 46 46 (100) 5 (37)
Tesˇanj (52 104) 329 117 (35.6) 34 30 (88.2) 538 (1032) 1
Usora (6996) 48 4 (8.3) 9 0 (100) 5 (71)
Varesˇ (10 364) 56 11 (19.6) 10 1 (10) NR
Visoko (42 171) 132 29 (22) 88 71 (80.7) 70 (166) 3
Zavidovic´I (46 229) 277 60 (21.7) 82 82 (100) 239 (517) 1
Zenica (143 193) 942 97 (10.3) 76 62 (81.6) 149 (104) 4
Z˘epc˘e (30 621) 21 10 (47.6) 40 40 (100) 2 (49)
Total Zenica-Doboj
Canton
2080 398 (19.1) 555 454 (81.8) 1106 (252)
ND, no data.
NR, not registered.
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overall level of sanitation has improved—possibly
because children were no longer becoming infec-
ted at a young age when infection is mild and
often unrecognised. When the age at which
infection occurs increases, infection in a popula-
tion becomes more noticeable. Thus, a consider-
able potential public health burden is generated
as the distribution of HAV infection shifts to-
wards older age groups [3]. HAV is probably
transmitted by the faecal–oral route to children,
via exposure to environmental sources such as
drinking water and pit toilets or outhouses that
are contaminated with HAV. Factors such as an
excessive population density, a lack of elementary
sanitary and hygiene precautions, malnutrition
and complications with the supply of clean
drinking water all contribute to the possibility of
epidemic spread [2]. A low level of secondary
education is one indicator of a lower socio-
economic status, which is also associated with
HAV infection [10]. Preventive measures, such as
the improvement of hygiene in a defined general
population, may contribute to a reduced inci-
dence of HAV infection [8]. The development of
health promotion and prevention initiatives in
schools, as well as the introduction of rigorous
hygiene measures, will be required to achieve
acceptable control. Further studies of the cost-
effectiveness of interventions to provide safe
drinking water should address not only the
quality, but also the quantity, availability and
patterns of use, of sanitary facilities.
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A B S T R A C T
Enzyme-linked immunosorbent assays (ELISAs)
were used to detect antibodies to the C6 peptide
of the Borrelia burgdorferi VlsE protein and a
selection of B. burgdorferi IgG antigens, separately
and as a combination, in 355 serum specimens
from blood donors and patients. Western immu-
noblotting was used as the reference method. The
sensitivity of the combined analysis of IgG anti-
gen and C6 peptide analysis was markedly
superior to those of the separate analyses. When
the C6 peptide and IgG results were concordant,
the customary confirmatory Western immuno-
blotting assay could be omitted, thus reducing the
time and cost of analysis.
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